We investigate the role of gap characteristics such as anisotropy and inequality of the gaps in the quasiparticle interferences of iron pnictides using a five-orbital tight-binding model. We examine how the difference in the sensitivities exhibited by the sign-changing and -preserving s-wave superconductivity in an annular region around (π, 0), which can be used to determine the sign change of the superconducting gap, gets affected when the gaps are unequal on the electron and hole pocket. In addition, we also discuss how robust these differentiating features are on changing the quasiparticle energy or when the gap is anisotropic.
I. INTRODUCTION
Iron-based superconductors are prototype materials for the multiorbital systems exhibiting magnetism and superconductivity 1 . Like cuprates, doping either with electrons or holes leads to the suppression of magnetism and subsequently to the appearance of superconductivity 2, 3 . The symmetry of the superconducting (SC) gap function in this class of materials has been subjected to several theoretical [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] and experimental investigations, which is suggested to be extended or sign-changing s-wave (s +− ). Experimental determination of the sign change is carried out ususally by the phase-sensitive measurements using the inelasic-neutron scattering (INS) 14, 15 , the spectroscopic imaging-scanning tunneling microscopy (SI-STM) 16 etc. Latter is a powerful experimental tool and it has been used to investigate the SC gapstructure 17, 32 as well as the normal-state bandstructure 19 in various systems. Recently, it has unraveled the existence of highly anisotropic nanostructures in the SDW state of the electron-doped iron pnictides [20] [21] [22] .
Quasiparticle interference (QPI) obtained by the SI-STM depends on the sign change of the SC order parameter across the Fermi surfaces (FSs). This is because the order parameter enters into the coherence factor representing the cooper pair through which the quasiparticle scattering takes place. In the presence of the non-magnetic impurities, the coherence factor is vanishingly small for the scattering vectors connecting those part of the FSs that have same sign of the order parameter. Therefore, the QPI pattern is peaked for only those momenta that connect the part of the Fermi surfaces with the opposite sign of the order parameter [23] [24] [25] . However, the situation is reversed when the impurities are magnetic. In the iron-based superconductor (IBS), QPI in the presence of the magnetic field shows a suppression of the intensity for the scattering vector connecting the electron and hole FSs separated by the magnetic ordering wavevector Q = (π, 0)
16 .
According to the experiments, the electron FS and the inner hole FS are subject to the opening of a lager gap whereas a smaller gap is present at the outer hole FS [26] [27] [28] [29] . Moreover, an anisotropic gap has been reported on the electron and hole FSs 30, 31 . These characteristics are expected to play a very important role in the QPI patterns.
QPIs in the band model 32 as well as in the orbital models 33 have been investigated with a focus on the difference of signature of s +− -and s ++ -wave superconductivity. Some of the above mentioned features for the QPIs when the impurities are either magnetic or non-magnetic have been illustrated for the quasiparticle energy ω ∼ ∆ (SC gap). Particularly in the orbital model, the difference in the patterns near (±π, 0) and (0, ±π) for the s +− -and s ++ -wave states was shown to exist within a small energy window around ω ∼ |∆|, where the SC gap was chosen to be ∆ ∼ 100meV significantly larger than the realistic gap size ∆ 20meV. Furthermore, the role of different gaps on the electron and the hole pockets as well as the gap anisotropy was also not explored. A different group of authors using the same model found no noticeable difference between the QPI patterns due to the s +− -and s ++ -wave state, therefore making the role of QPI ambiguous in distinguishing the s +− -from s ++ -wave state 34 . They examined Z map or the Fourier transform (FT) of (g(r, E)/g(r, −E)) instead of the FT of the tunneling conductance g map (g(r, E)) a quantity directly proportional to the local density of state.
In this paper, we focus on the difference in the g map due to the magnetic and non-magnetic impurities instead of Z map. We show that the difference can be used to determine the sign change of SC order parameter in an unambiguous manner. We find that (i) the s +− -and s ++ -wave states exhibit robust pattern of differences within a large part of the energy region ω ≤ ∆, where ∆ is of the order of observed gap in the experiments. The differences drop rapidly with the quasiparticle energy.
(ii) The differentiating features get enhanced at lower energy when either of the gaps on the electron and hole pocket is reduced. (iii) On the other hand, these features are relatively weaker in the case of anisotropic gap. The plan of the paper is as follows. In section II, we describe the procedure to obtain g map. We present results on g maps in the section III due to the non-magnetic and magnetic impurities for both type of swave superconductivity. Finally, we present our conclusions in the section IV.
FIG. 1. QPI patterns for the s +− -wave state when the impurity is (a)-(c) non magnetic and (d)-(e)magnetic. (g)-(i)
The difference in the QPI patterns due to the magnetic and non-magnetic impurities. 
II. THEORY
In order to investigate QPIs in the superconducting state, we consider following mean-field Hamiltonian within a fiveorbital Hamiltonian
where the electron field operator is defined within the Nambu formalism as
...) with subscript indices 1, 2, 3, 4, and 5 standing for the orbitals Impurity-induced contribution to the full Green's function is given by
using standard perturbation theory. HereĜ
Î is a 10×10 identity matrix. Furthermore,
withĜ
1 andÔ are 5×5 identity matrix and null matrices, respectively. +(-) sign in front of the identity matrix is for the magnetic (non-magnetic) impurities, respectively. g map or the fluctuation δN (q, ω) in the LDOS due to a single delta-like impurity scattering is given by
with
where k − k = q. In the following, the strength of impurity potential V • is set to be 200meV. Although, we consider a single impurity, the bandfilling n e is fixed at 6.1. A mesh size of 300×300 in the momentum space is used for all the calculations. ∆ o is taken same for each orbital and it is set to be 20meV throughout. To facilitate a better comparison between the role of the gap sizes and anisotropy, the range of QPI intensity is fixed for each of the s ++ -and s +− -wave states. 
III. RESULTS

Constant energy contours (CCEs) in the s
++ -and s +− -wave SC states consist of two concentric pockets around (0, 0) and another pocket around (π, 0), which results in several sets of leading scattering vectors. Most of them can be put into three broad catergories. First one consists of intrapocket and interpocket scattering vectors arising due to the pockets around (0, 0). Second set involves the scattering vectors connecting the pockets around (0, 0) and (π, 0). Third one is the set of scattering vectors connecting the CCEs around (0, −π) and (π, 0). This is a non exhaustive list. For instance, the set of vectors connecting the pocket around (π, π) to other pockets will also contribute to the scattering processes.
First of all, we consider equal gap ∆ e = ∆ h = ∆ o , where ∆ e and ∆ h are the SC gaps along the electron and hole pockets, respectively. Fig. 1(a)-(c) and 1(d)-(f) show the QPI patterns in the s +− -wave SC state for the non-magnetic and magnetic impurities, respectively. Results are obtained for several energy values ω = 0.2∆ o , 0.4∆ o , and 0.8∆ o . Two important differences in the QPI patterns due to the non-magnetic and magnetic impurities can be noticed. First, an annular region around (π, 0) and other symmetrically equivalent points are comparatively more intense when the impurity is nonmagnetic. Secondly, the sign of the peak at (0, 0) in the case of non-magnetic impurity is opposite to that due to the magnetic impurity. More clarity can be found by plotting the differences of QPI patterns due to the magnetic and nonmagnetic impurities as shown in the Fig. 1(g)-(i) , where the peaks are positive and negative around (0, 0) and (π, 0), respectively. It is important to note that the differences in the features are more pronounced in the vicinity of ω ∼ ∆ o and although they are also present at lower energy but weakened relatively. Fig. 2 shows the QPI patterns when the SC gap has s ++ -wave symmetry. As can be seen from Fig. 2(a)-(c) , the largest negative peak in the non-magnetic case occurs near (0, 0) a feature also present in the patterns for the s +− -wave state. However, the intense and positive annular peak structure around (π, 0) occurs now when the impurity is magnetic (Fig. 2(d)-(f) ). This is seen more vividly in the differences of the QPI patterns (Fig. 2 (g)-(i) ), which is positive in the annular region around (π, 0). Therefore, the differences in the QPI patterns due to the magnetic and non-magnetic impurities can be used to determine the sign change of the SC gap.
For simplicity and to focus on individual role, we examine the unequal gaps and anisotropy separately. We consider 2∆ e = ∆ h = ∆ o . Similar results are obtained for 2∆ h = ∆ e = ∆ o . Fig. 3(a)-(c) show the QPI patterns for the unequal gaps when the impurity is non-magnetic. An important consequence of reducing the gap along the electron pocket is the suppression of intensity in the annular region when ω ∼ ∆ o . However, the intensity grows on decreasing ω in comparison with the equal gap case. As mentioned earlier, when the gaps are equal, QPIs are most intense for ω ∼ ∆ o . Therefore, when one of the gap is reduced, the energy corresponding to the maximum intensity shifts downwards. As a result the intensity increases at lower energy. This happens for the annular region around (π, 0) even if the impurity is magnetic irrespective of the s ++ -or s +− -wave states ( Fig. 3(d) -(f), Fig. 4(a) -(c), and Fig. 4(d)-(f) ). In other words, there is no qualitative difference between the QPI patterns due to the magnetic and non-magnetic impurities. However, increase in the intensity is more in the case of the non-magnetic and magnetic impurities for the s +− -and s ++ -wave states, respectively. Consequently in comparison with the equal gaps case, differences in the patterns for magnetic and non-magnetic impurities are enhanced especially at lower energy in both type of SC states (Fig. 3(g)-(i) , and Fig. 4(g)-(i) ). Fig. 5 and 6 show the QPI patterns for the s +− -and the s ++ -wave state when the SC gap on the electron pocket is anisotropic. The gap is chosen as ∆ e = ∆ o (1 + cos 2θ), where θ is defined in such a way that ∆ e is maximum for the point along the line joining (π, 0) to (0, 0). The most important effect of the anisotropic gap is that the difference in the QPI patterns due to the magnetic and the non-magnetic impurities diminishes especially at low energy in the annular region around (π, 0) ( Fig. 5(a)-(f) ). In addition, the peak structures are also modified particularly in the annular region. That is well reflected in the plot of differences (Fig. 5(g)-(i) ). Similar results are also obtained in the case of s ++ -wave state ( Fig.  6(a)-(i) ). Therefore, the difference in the QPI patterns corresponding to the s +− -and s ++ -wave state also decreases, but the two SC states are still robustly distinguishable.
IV. CONCLUSIONS
In conclusions, we have investigated the QPIs in a fiveorbital model of iron pnictides with a focus on the roles of gap features such as inequality and anisotropy. We find that the differentiating features of the s +− -and s ++ -wave state, which mainly consist of the QPI patterns in an annular region around (π, 0), decrease rapidly with the quasiparticle energy, though they are present even at lower energy. The rapid drop is slowed down when one of the gap is reduced, which also results in the widening of the quasiparticle energy range wherein the difference in QPI patterns for two types of superconducitivity is enhanced. We also find that appearance of the patterns due to magnetic and non-magnetic impurities are qualitatively similar. Moreover, it is only the difference in the patterns, which is helpful in ascertaining the sign-change of the gap. On the contrary, anisotropic gap leads to the reduction in the differentiating signatures of sign change especially at low energy. Although these characteristics are not responsible for introducing any major qualitative change in the QPI patterns, but they do affect the QPI peak strength in a significant manner.
